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SXLh. P '"venfion re i ates t0 ^ ^ 
of a tra n,ng sequence in a transmitted radio signaled 
partcularly but not exclusively to the tradte SSrS 
sequences in data bursts in GSM sysSTCS 
tarn partkHdany advantageous when a^edS Eghly 



JO 



Bacicorniin d To Tha f n»y««i^ 



[0002] in any radio communications system inter- 
reflections from objects far away from the receive 
adjacent symbols interfere with each other. The recJver 

™ e the information that was intended to be sent 
bSS 8 GSI ^ SySlem ' *** « transmitted in 

Sutc^f- Z* ^ Within tmeslots - A training 
E2T?^ * k "° Wn P*" 6 " 1 and with good autocorre- 

SSt KS?" ' S PlaCed in the of th^S 

S^trStn o^ S6qUe " Ce fe Pfaced in *»• Middle of 
t^^TJP ? ° prcMde ^ect channel estimation 
^ k 6 S6COnd haH of the burst The pSn 
^ * bUrSt in tme from burst S 

m^ri M5Kf *" Propa9ati0n *■»" andmS 
"Tent of the mobile station. 

vS^in «,? 8 GSM Sy l em 8 ^""el equaliser is pro- 
wled , n the receiver. The purpose of the equaliser 

"T»se the probability of correct decisions. The channel 

equafise the mufthpath effects. In order to perform the 

J?* exact position of the training sequence. 
[OW5J The training sequence is used by the eouai- 

Zl h channel nBd * *«• *SS3S 

tow but which during one burst can be regarded as 
constant for a slowly varying channel in timeTtl sinV 
.lar .rrterfenng signals arrive at the receiver at almost the 

^re is no way to distinguish the comribubon of eachTo 
the received signal. For this reason, different traSno 
sequences are aflocated to channels usingle sTe 
frequences m cells that are close enough so thatlte! 

and are as little correlated as possible, the receiver can 

f( !°°fL 7116 reiver knows the training seouence 

ZZZZSZT ^ St0fes such frainina sequence. By 
correlating the stored training sequence wfti, the train 
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*W sequence received from the transmitter, the channel 
""Pulse response of can be measured. The eauafeer 

lates the most probable receiver sequence. 

^. Conce P tua "y. the equaliser takes the differ. 
SSET"? i 0 '" 00 '™* *«ghs them accoS- 
,? annel * ararter *tk*. and sums them after 
inserting the appropriate delay between corroonente 
sottet a repfica of the transmitted signal is^SZ ' 
iwwq The problem in cellular radio becomes more 
complex due to the dynamic nature of the JSTZ 
tte mobile moves through multipath sunoundl^fthe 
equal-ser must continually adapt to the chang^an 
^ characteristics. The equaliser knows the transrSSd 

^ ^ <«»ws what it has aSS 
Z ™?' ^ the equa,iser <*" "«ke an estimate of 
the channel transfer function. Thus an adaptive «ua? 
|ser continuously updates the transfer f uSeLS 
makmg sure that the decision error does nrfSle 

during the channel transmission 
WOW] In conventional systems, timing estimation is 
obtajned by correlating a data burst with a trainina 
sequence stored in the base station. The baseS 
25 £ZLl ^'"'"S sequence used by the mobile station 

* W Posrfior^ rf 

*e rece.ved signal. The bit position that prov^the 
Jhest oorreiation value is determined to belefStW 
of the training sequence. The received data rjurstcan 

P010] However, this known technique suffers sia- 
nsicantly from the effects of mult^th^,^ n ^ 

35 Zf/f™" 9 the correlation the equa^ 
35 eaten leads to errors in timing estimation, and hero 
brterrors at the output of the equaliser. 

it is therefore an object of the present inven- 

4o rZi^ 01 r6CeiVed data which operaS 
Pliably even in noisy environments. 

Summary of Tt^e fny^ftiTm 



45 d,n9 *° the present "^ntion, in one 

.ng pos-tion of data bursts received in a date streaT 
each data burst including a number of bits con^S 
traming sequence in a fixed location, the meihod 

s^ue^Tfn^ 9 SSqUenCe; *e tLing 

s^uence for each estimated timing location; determin- 
ng the timing location associated with the highest coro- 

torS!^ T** 0 " Va ' UeS for 690,1 ^ ^ f Safa 
bursts and for the next M data bursts: estimating the 
tmjng location of each data burst based on thTSaS 
timing location for the first N data bursts averase 



2 




3 

[0013] There is thus provided a technique for esti- 
mating the timing position of data bursts which offers 
significant performance improvements in noisy environ- 
ments. 

[001 4] Preferably the method further comprises the 
steps of: for each of the first N data bursts, equalising 
the data burst based on the timing location associated 
with the highest correlation value; and for the next M 
bursts, equalising each data burst based on the average 
timing location determined for the first N data bursts. 
[001 5] Preferably the method further comprises the 
step of determining the average timing location includes 
allocating a weighting to each timing location associ- 
ated with the highest correlation values. 
[001 6] The weighting is preferably allocated to each 
timing location in dependence on the level of the asso- 
ciated correlation value. 

[0017] In a further aspect the invention provides a 
receiver for synchronising data bursts received in a data 
stream, each data burst including a number of bits com- 
prising a training sequence in a fixed location, the 
receiver including circuitry for estimating the timing 
position of the data bursts received in the data stream, 
wherein for each of the first N received data bursts, the 
receiver estimates a plurality of timing locations of the 
training sequence, correlates the training sequence for 
each estimated timing location, determines the timing 
location associated with the highest correlation value, 
and determines the average timing location of the high- 
est correlation values for each of the first N data bursts; 
and for the next M data bursts the receiver estimates the 
timing location of each data burst based on the average 
timing location for the first N data bursts. 

Brief Descri ption Of The Drawings 

[0018] 

Figure 1 (a) shows the structure of a data stream of 
a GSM system comprising a number of data bursts; 
Figure 1 (b) shows the structure of a GSM normal 
data burst; 

Figure 2 is a block diagram illustrating the main 
components of a conventional circuit for performing 
equalisation of a GSM data burst; 
Figure 3 is flow diagram illustrating the operation of 
the circuit of Figure 2; 

Figure 4 is a block diagram illustrating the main 
components of a circuit for performing the equalisa- 
tion of a GSM data burst according to the present 
invention; and 

Figure 5 is a flow diagram illustrating the operation 
of the circuit of Figure 4. 

Description of Preferred Embodiment 

[0019] Referring to Figure 1(a) there is shown an 
overview of the basic structure of a typical GSM trans- 
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mitted signal. As can be seen, the transmitted signal 
comprises a plurality of data bursts 2a to 2n. There are 
five different kinds of bursts in a GSM system: normal 
burst, synchronisation burst, frequency correction burst, 

5 access burst, and dummy burst Each burst is 1 56.25 
bits long. The present invention applies to any burst 
containing a training sequence for equalising the burst. 
The length of the training sequence varies according to 
the type of data burst. In a normal data burst the training 

10 sequence is 26 bits long. 

[0020] In practice, transmitted messages are pre- 
ceded by access bursts during the set-up phase of a 
transmission. The receiving station therefore initially 
seeks a training sequence of an access burst. Thereaf- 

is ter, the message includes a plurality of normal data 
bursts, and the receiving station seeks a training 
sequence of a normal data burst The extraction of 
bursts from a transmitted message will be well under- 
stood by one skilled in the art and is outside the scope 

20 of the present invention. 

[0021] Referring to Figure 2(b). it can be seen that 
each normal data burst comprises a header portion 4, a 
first data portion 6a, a training sequence 8, a second 
data portion 6b, and a tail portion 10. The format and 

25 generation of each portion of the data burst of Figure 
1(a) will be well known to those skilled in the art 
[0022] Referring to Figure 2, there is shown a block 
schematic of equalisation circuitry for performing the 
conventional equalisation process in the receiver of a 

30 GSM mobile and GSM Base Station. 

[0023] The equalisation circuitry receives a data 
stream including data bursts as illustrated in Figure 1 on 
a signal line 46 from the receive antenna. The equalisa- 
tion circuitry outputs the equalised data stream to be 

35 further processed in the receiver on a signal line 46. 
[0024] The receive antenna, and the pre-process- 
ing circuitry (such as down-converter) which the 
received signal must go through prior to equalisation is 
not shown in Figure 2. Such circuitry is beyond the 

40 scope of the present invention and the implementation 
thereof will be within the capabilities of one skilled in the 
art 

[0025] The equalisation circuitry includes a control 
circuit 32, a training sequence storage circuit 30, a cor- 
45 relator 40, a set of registers 42, an equaliser 44, a stor- 
age circuit 36, a comparator circuit 38, a counter 34, 
and a value store 35. 

[0026] The operation of the circuitry of Figure 2 will 
now be described in conjunction with the flow diagram 

so of Figure 3, which illustrates the steps performed in a 
conventional equalisation process. 
[0027] The equalisation circuit receives the stream 
of data on signal line 46, and the received stream of 
data is shifted into the set of registers 42 under the con- 

55 trol of a signal line 70 from the control circuit 32. The set 
of registers 42 are capable of storing a number of bits in 
excess of the number of bits in a data burst. 
[0028] When the control circuit 32 has filled the set 
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of registers 42 with the incoming data stream, in a step 
12 of Figure 3 the control circuit sets a signal on line 60 
to set a value i in the counter 34. The value i in the coun- 
ter is the bit position of the data stored in the set of reg- 
isters 42 which it is estimated by the receiver is the first 
bit of the training sequence of the first data burst. This 
estimate of the bit position is predetermined. 
[0029] In a next step 14, the receiver transfers the 
contents of the bit location i. and the next successive 25 
bit locations of the received data stream (which com- 
prise the 26 bits of the estimated training sequence in a 
GSM normal data burst), into the correlator 90 from the 
set of registers 42 via 26 bit parallel signal lines 54 
under the control of the signals 70. The correlator also 
receives, on 26 bit parallel signal lines 52 the training 
sequence stored in the receiver in the training sequence 
storage circuit 30, which is the training sequence which 
the receiver expects to receive. 
[0030] The correlator 40 then correlates, in a step 
16, the estimated training sequence on parallel lines 54 
with the stored training sequence on parallel lines 50 
The receiver will therefore correlate the bit i and the next 
successive 25 bits of the received signal with the 26 bits 
of the training sequence storage circuit 30. 
[0031 J The result of this correlation is output on line 
64. and in a step 1 8 the result is stored in the storage 
circuit 36 under the control of the signal 72 from the con- 
trol circuit. 

[0032] The control circuit 32 of the receiver then 
determines, in a step 20, whether the value i in the 
counter 34 is equal to a value n stored in the value store 
35 and read on line 63. The value n is the maximum 
value of i for which the correlation is to be performed 
The control circuit 32 reads the contents of the counter 
34 on fine 62 and compares it to the stored value n on 
line 63. 

100331 If the control circuit 32 determines that the 
value i has not yet reached the value n, then the 
receiver moves onto step 22 and increases the value i in 
the counter 32 by setting the signal on line 60 as illus- 
trated by step 22 in Figure 3. The amount by which the 
value i is incremented will be predetermined. 
[0034] The steps 14 to 20 of Figure 3 hereinbefore 
descnbed are then repeated, but with a different value 
of i such that a different estimate of the training 
sequence is output on line 54 and correlated with the 
contents of the training sequence storage circuit. 
[0035] When the value i equals the value n in step 
20 of Figure 3, the control circuit 32 of the receiver con- 
trols the comparator circuit 38 via fine 74 to compare the 
stored correlation values in the storage circuit 36. The 
stored correlation values are presented to the conpara- 
tor circuit 38 on lines 66 under the control of control cir- 
cuit 32 via line 72. This is illustrated by step 24 in Figure 
3. The comparator circuit compares the stored correla- 
tion results and determines the highest value. 
[0036] The storage circuit 36 stores the correlation 
results together with the value i for which the correlation 
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was performed. The comparator outputs the value i of 
the highest correlation result to the control circuit 32 on 
line 76. The correlation result that returns the highest 
value is estimated to be the value of i that is the first bit 
of the training sequence of the first data burst 
[0037] In a step 26 the control circuit 32 outputs the 
set of bits forming the first data burst from the set of reg- 
isters associated with a training sequence having a first 
bit in the bit position i. This data burst is output on the 
lines 56 to the equaliser 44. 

[0038] For instance, in the example described of a 
GSM normal data burst, the data burst is 156.25 bits 
long, and the first bit of the training sequence is the 62 nd 
bit of the normal data burst The control circuit therefore 
can determine the first bit of the data burst once it 
knows the location of the first bit of the training 
sequence, and can select all the bits of the data burst. If , 
say, 200 bits have been stored in the set of registers 42 
the control circuit selects the 156.25 bits of the normal 
data burst. 

[0039] Responsive to a control signal on line 73 
from the control circuit 32, the equaliser 44 then equal- 
ises the received data burst. The data burst is equalised 
by the equaliser in a known manner in accordance with 
standard techniques to compensate for the propagation 
path of the channel. The equalised received data burst 
is then output on fine 48 from the equaliser 44. 
[0040] The equalisation process removes the multi- 
path effects from the received signal. That is, the equal- 
isation process eliminates noise from the received sig- 
nal and produces a clean version of it The equaliser 44 
is a matched fSter. 

[0041] The control circuit then shifts the first bit 
received in the set of registers 42 after the last bit of the 
first normal data burst to the most significant bit position 
of the set of registers, and then shifts in a further set of 
received bits into the set of registers until they are fun 
The above-described steps are then repeated to identify 
the training sequence of the second and further data 
bursts. 

[0042] in the foregoing description the correlaton 
was described as performed on 26 bits selected from 
the received data on the basis that the example 
described was a normal data burst having a 26 bit rain- 
ing sequence. It will be appreciated that the control cir- 
cuit 32 will be controlled by a processor in the receiver 
such that if the incoming data burst is identified as a dif- 
ferent type of burst having a different number of bits in 
the training sequence, the number of bits correlated will 
be altered and the training sequence stored in the train- 
ing sequence storage circuit adjusted. 
[0043] The conventional correlation and equalisa- 
tion technique described hereinabove with reference to 
Figures 2 and 3 may be applied in any receiver, whether 
the receiver is in a mobile station or a base station 
[0044] The operation of the improved equalisation 
technique according to the present invention will now be 
descnbed with reference to Figures 4 and 5. 
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[0045] Referring to Figure 4, there is shown a block 
schematic of circuitry for performing the equalisation 
process in the receiver of a GSM mobile or a GSM Base 
Station according to the present invention. Like refer- 
ence numerals are used in Figure 4 to illustrate ele- 
ments which correspond to elements shown in Figure 2. 
The equalisation circuit of Figure 4 additionally includes 
counters 80 and 86, and value stores 81 and 85. 
[0046] The receiver receives the data stream 
including data bursts as before on line 46, and outputs 
the equalised data bursts as before on line 48. 
[0047] In an initial step 100, the control circuit sets 
the contents j of the counter 80 to 1 via line 82 on receipt 
of the first normal data burst The counter 80 counts the 
number of data bursts received by the equalisation cir- 
cuitry. 

[0048] The equalisation circuit receives the stream 
of data on signal line 46, and the received stream of 
data is shifted into the set of registers 42 under the con- 
trol of a signal line 70 from the control circuit 32. The set 
of registers 42, as before, are capable of storing a 
number of bits in excess of the number of bits in a data 
burst 

[0049] When the control circuit 32 has filled the set 
of registers 42 with the incoming data stream, in a step 
1 02 of Figure 5 the control circuit sets a signal on line 60 
to set a value i in the counter 34. The value i in the coun- 
ter is the bit position of the data stored in the set of reg- 
isters 42 which it is estimated by the receiver is the first 
bit of the training sequence of the first data burst. This 
estimate of the bit position is predetermined. 
[0050] In a next step 1 04, the receiver transfers the 
contents of the bit location i, and the next successive 25 
bit locations of the received data stream (which com- 
prise the 26 bits of the estimated training sequence in a 
GSM normal data burst), into the correlator 90 from the 
set of registers 42 via 26 bit parallel signal lines 54 
under the control of the signals 70. The correlator also 
receives, on 26 bit parallel signal lines 52 the training 
sequence stored in the receiver in the training sequence 
storage circuit 30, which is the training sequence which 
the receiver expects to receive. 
[0051] The correlator 40 then correlates, in a step 
106, the estimated training sequence on parallel lines 
54 with the stored training sequence on parallel lines 
50. The receiver will therefore correlate the bit i and the 
next successive 25 bits of the received signal with the 
26 bits of the training sequence storage circuit 30. 
[0052] The result of this correlation is output on line 
64, and in a step 108 the result is stored in the storage 
circuit 36 under the control of the signal 72 from the con- 
trol circuit. 

[0053] The control circuit 32 of the receiver then 
determines, in a step 110, whether the value i in the 
counter 34 is equal to a value n stored in the value store 
35 and read on line 63. The value n is the maximum 
value of i for which the correlation is to be performed. 
The control circuit 32 reads the contents of the counter 



34 on line 62 and compares it to the stored value n on 
line 63. 

[0054] If the control circuit 32 determines that the 
value i has not yet reached the value n, then the 
5 receiver moves onto step 112 and increases the value i 
in the counter 32 by setting the signal on line 60. The 
amount by which the value i is incremented will be pre- 
determined. 

[0055] The steps 104 to 108 of Figure 5 hereinbe- 
10 fore described are then repeated, but with a different 
predetermined value of i such that a different estimate 
of the training sequence is output on line 54 and corre- 
lated with the contents of the training sequence storage 
circuit. 

75 [0056] When the value i equals the value n in step 
110 of Figure 5, the control circuit 32 of the receiver 
controls the comparator circuit 38 via line 74 to compare 
the stored correlation values in the storage circuit 36. 
The stored correlation values are presented to the com- 

20 parator circuit 38 on lines 66 under the control of control 
circuit 32 via line 72. This is illustrated by step 114 in 
Figure 5. The comparator circuit compares the stored 
correlation results and determines the highest value. 
[0057] The storage circuit 36 stores the correlation 

25 results together with the value i for which the correlation 
was performed. The comparator outputs the value i of 
the highest correlation result to the control circuit 32 on 
line 76. The correlation result that returns the highest 
value is estimated to be the value of i that is the first bit 

30 of the training sequence of the first data burst. In a step 
1 16 the control circuit 32 outputs the set of bits forming 
the first data burst from the set of registers 42 associ- 
ated with a training sequence having a first bit in the bit 
position i. This data burst is output on the lines 56 to the 

35 equaliser 44. 

[0058] Responsive to a control signal on line 73 
from the control circuit 32, the equaliser 44 then equal- 
ises the received data burst The data burst is equalised 
by the equaliser in a known manner in accordance with 

40 standard techniques to compensate for the propagation 
path of the channel. The equalised received data burst 
is then output on line 48 from the equaliser 44. 
[0059] After the equalisation step 1 1 6, in a step 1 1 8 
the control circuit stores the correlation value of the 

45 equalised, output data burst in the storage circuit 36, 
together with the value i for which the data burst was 
equalised. 

[0060] Then, in a step 120, the control circuit 32 
checks the contents of the counter 80. In the step 120 

so the control circuit 34 reads the contents of the counter 
80 on line 84 and compares it to a value N in value store 
81 . If the value j of the counter 80 does not equal the 
value N of the value store 81 then the control circuit pro- 
ceeds to step 122. 

55 [0061 ] In step 1 22 the control circuit increments the 
value j of the counter 80 by one by setting line 82. The 
control circuit 32 then, in step 1 04, inputs the next set of 
bits into the set of registers 42 that will form the second 
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0=2) data burst. 

[0062] Again, the receiver selects a bit of the data 
stream as being a first possible candidate for the first bit 
of the training sequence of the second data burst based 
on the current value i in the counter 34. The bit location 
r^It? 6 * 10 ** ,iret P redet ermined value in step 122 
10063] The steps 104 to 108 are then repeated, as 
before, until the value of i reaches n. Thus the second 
and successive data bursts are correlated for the same 
senes of values of i. 

i°° 64 -' *? beiore - the receiver synchronises the 

t f«^T^! ed ° n ** correlation value determined 
■n step 114 to be the highest and equalises the thus 
synchronised data burst in the step 1 16. The correlation 
value and value of bit i tor the equalised data burst are 
again stored in the storage circuit 36 for the output 
equalised data burst 

[0065] The steps described above are repeated for 
successive data bursts until the value j equals the value 
""J** J 20 - Jhe receiver thus repeats the steps on 
the first N data bursts received. 

[0066] When, in step 120. the value j stored in the 
counter 80 reaches the value N. the control circuit 
aStep122 ' in whfch the correlation value of 
all j data bursts that have been equalised are evaluated 
me brt positions i associated with each of the j equal- 
ised data bursts, stored in steps 1 18. are averaged to 
determine the position, on average, of the first oft of the 
taming sequence for the first j data bursts equalised 
The average value of i is then stored in storage circuit 

10067] The control circuit then uses the averaoe 
value of i for the first j data bursts as giving the best esti- 
mate as to the correct location of the first bit of the train- 
ing sequence for the next M data bursts. 
[0068] The step 122 may also include a weighting 
function in determining the average value of i That is 
the values of i may be weighted in accordance with the 
strength, or energy, of the correlation result with which 
they are associated. 

[0069] m a next step 124. the control circuit sets a 

^ ^ alUe St ° re 86 to f^ 1 ) «V s ettfng line 83. In a 
step 146 the control circuit 32 then inputs into the set of 
registers 42 the kth. ie the (M+l)th. data burst 
[0070] The kth data burst is synchronised in a step 

# S uf^i? 9 to tne es1imation for the location of the 
tirst bit of the training sequence made based on the 
average calculation made for the first N data bursts. 
t™ 71 } _ a step 130. the (N+l)th data burst is then 
equalised and output on line 48. Thus no timing estima- 
tion is performed on the (N+i)th data burst 

2Sm *\T 134, after Beaton, the control 
arcurt 34 reads the value k of the counter 86 on line 88 

and determines whether the value k matches a stored 
value M in value store 85 on line 87. If k does not equal 
then the value (N+1) of k in the counter 86 is incre- 
mented, in step 1 15. by one by setting line 88 and the 
next data burst, ie the (N42)th, is input into the set of 
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registers 42. 

K2L M J* 6 126 to 134 are then repeated for 
the next M data bursts. That is for the next M data bursts 
thetiming estimation based on the first N data bursts is 
usect no correlation being performed on these data 
bursts, only equalisation. 

[0074] When the (M+1+M)th data burst is received 
k=M instep 1 18 and the receiver reverts back to step' 
l,^* 6 a*™ estimation technique performed on 
the fret N data bursts, and so the procedure is cyclical. 
[0075] Thus, once the initial N bursts have been 
used to determine the timing of the received signal onV 
eqwaftsation is performed on the following M data 

[0076] The value of M depends upon both the 
speed of the mobile station concerned and the rate of 
change m the propagation channel. Normally the effects 
of the former far outweigh the latter. A value of M= 100 
maybe typically chosen, against a typical value of N=8 
[0077] During the first N data bursts bit errors may 
occur. This can be alleviated by reducing N after some 
initial equalisations if the propagation channel does not 
change significantly. In reality. 8 data bursts (N=8) lasts 
aeout 5ms. and it is hardly noticeable even if all 8 data 
hursts are erased from any speech. 
[0078] Because of constraints on processing and 
power resources, it is likely that the technique of the 
present invention will currently be applied only in com- 
municatjon system base stations. Employing the inven- 
tion m current mobile stations would require additional 
processing capabilities, which are not currently availa- 
^ ^! Ver * fe ^saaed that future mobile stations 
will beable to support the present invention when the 
required processing and power capabilities are incorpo- 
rated in mobile stations. 



Claims 



1. 



A method of estimating the timing position of data 
bursts received in a data stream, each data burst 
including a number of bits comprising a training 
sequence in a fixed location, the method compris- 
ing the steps of: H 

for each of the first N received data bursts: 

determining a plurality of estimated timing 
locations of the training sequence; 
correlating the training sequence for each 
estimated timing location; 
determining the timing location associated 
with the highest correlation value; 

determining the average timing location of the 
highest correlation values for each of the first N 
data bursts; and 
for the next M data bursts: 
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estimating the timing location of each data 
burst based on the average timing location 
for the first N data bursts. 

2. The method of claim 1 further comprising the steps s 
of: 

for each of the first N data bursts, equalising 
the data burst based on the timing location 
associated with the highest correlation value; 10 
and 

for the next M bursts, equalising each data 
burst based on the average timing location 
determined for the first N data bursts. 15 

3. The method of claim 1 or claim 2 wherein the step 
of determining the average timing location includes 
allocating a weighting to each timing location asso- 
ciated with the highest correlation values. 20 

4. The method of claim 3 wherein the weighting is allo- 
cated to each timing location in dependence on the 
level of the associated energy level. 

25 

5. A receiver for synchronising data bursts received in 
a data stream, each data burst including a number 
of bits comprising a training sequence in a fixed 
location, the receiver including circuitry for estimat- 
ing the timing position of the data bursts received in 30 
the data stream, wherein for each of the first N 
received data bursts, the receiver estimates a plu- 
rality of timing locations of the training sequence, 
correlates the training sequence for each estimated 
timing location, determines the timing location ss 
associated with the highest correlation value, and 
determines the average timing location of the high- 
est correlation values for each of the first N data 
bursts; and for the next M data bursts the receiver 
estimates the timing location of each data burst 40 
based on the average timing location for the first N 
data bursts. 

6. A communications system including the receiver of 
claim 5. 45 
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